Bicycle and pedestrian issues are gaining nationwide attention in transportation curricula. More programs seek to offer courses specifically geared towards bicycle and pedestrian planning and design goals, although fewer than 20 known courses are currently offered at universities across the US. Most of these known courses are offered in planning departments and do not delve into engineering details of design. This report describes the development and delivery of a new bicycle and pedestrian engineering design course offered at Portland State University in Winter Term, 2011, which was well-received and included undergraduate and graduate students in civil engineering and planning.
EXECUTIVE SUMMARY
Bicycle and pedestrian issues are gaining nationwide attention in transportation curricula. More programs seek to offer courses specifically geared towards bicycle and pedestrian planning and design goals, although fewer than 20 known courses are currently offered at universities across the U.S. Most of these known courses are offered in planning departments and do not delve into the engineering details of design. This report describes the development and delivery of a new bicycle and pedestrian engineering design course offered at Portland State University (PSU) during the winter term of 2011, which was well-received and included undergraduate and graduate students in civil engineering and planning.
The course was structured similarly to a traffic engineering course and, among other pedestrian-and bicycle-specific issues, covered topics that might be addressed in a traffic engineering or geometric design course, but from the perspective of the cyclist or pedestrian. Augmenting course notes delivered in class and homework assignments focusing predominantly on practical fieldwork and associated solutions, the course included a term project in which students worked in teams to evaluate the functionality and design of several pedestrian and/or bicycle hybrid signals in Portland. 
BACKGROUND AND OBJECTIVES
The thoughtful and educated development and provision of active transportation facilities enhances the livability and health of communities. As federal, state and local governments seek to encourage active transportation, bicycle and pedestrian facility design is receiving greater consideration in the development of "complete streets" and multimodal transportation systems. Preparing the next generation of transportation engineers and planners with the skills they need to raise awareness of non-motorized mode accommodations and implement well-informed bicycle and pedestrian facility designs requires providing necessary training.
Bicycle and pedestrian issues are gaining nationwide attention in transportation curricula. More programs seek to offer courses specifically geared towards bicycle and pedestrian planning and design goals, although fewer than 20 known courses are currently offered at universities across the U.S. Portland State University (PSU) currently offers one of these courses, which touches on planning considerations for bicycle and pedestrian facilities.
This project introduced a new course to PSU's bicycle and pedestrian curriculum, focusing course material on engineering design issues surrounding bicycle and pedestrian facility design and location. The course is one of only three documented bicycle and pedestrian facility design courses offered through U.S. university engineering departments. Most of the existing courses focused on planning concepts. Topics covered in the class included human factors in design, facility location and layout, geometric design of roadways and intersections for bicycle and pedestrian use, illumination and signalization considerations, intermodal connectivity, and safety and health components of facility design, among other subject matter. The engineeringand design-focused content in the course developed in this project acts in a complementary manner for those students enrolling in both this course and the existing course in PSU's planning department.
The project builds on current engineering education research by the principal investigator (PI), focused on addressing educational needs of students through the use of innovative classroom techniques, multidisciplinary generative problem solving, cooperative learning and classroom engagement. In addition, an Advisory Committee comprised of Portland experts in bicycle and pedestrian facility design and operations assisted in all stages of the course, providing advice, feedback, professional perspective and course material review. This involvement from the local professional community enriched the course by providing opportunities for tangible, applied project work throughout the course term.
PROJECT DESCRIPTION
The primary goal of this project was to develop and deliver a successful upper-division undergraduate and graduate engineering course focused on the design of bicycle and pedestrian facilities. The process of creating this course concurrently produced guidance for development of similar courses at other universities.
Material for lectures, assignments and projects was generated from a variety of sources. These included:
(1) Adaptation of content from the instructor/PI's graduate engineering coursework at other universities, including traffic engineering and geometric design. This project supported one graduate research assistant at a 0.40 appointment. The research assistant's role included location of supporting course material and creation of a website for the course, used both for access to course materials by enrolled students and for enhanced visibility of the course to interested parties.
The course was delivered during PSU's Winter 2011 term. Originally, the course enrollment was capped at 20 students, but due to the unexpected and overwhelming popularity of the course among civil engineering undergraduate and graduate students and urban studies/planning graduate students, the enrollment was expanded to include 27 students.
OUTCOME AND RESULTS
The course was generally designed along a similar framework as a traffic engineering course might be. In this way, topics progressed from concepts of user types and human factors in design, to appropriate locations for a variety of facility types, to the details on how those designs might be accomplished. Throughout the term, readings were assigned and followed by class discussions on the important points from the readings. Readings were selected less for their vitality to bicycle and pedestrian research and more with the goal of introducing students to interesting approaches to bicycle and pedestrian research and to touch on innovative concepts in the field. The complete syllabus, including lecture topics and assigned readings, can be found in the appendix to this report.
The topics covered in the bicycle and pedestrian engineering design course developed in this project included: Lecture notes were delivered in a methodical progression using the traditional approach of writing on the board. Where possible, guided student discussion was encouraged in creating the notes -students responded favorably to what they deemed "making their own notes." For example, in discussing the types of users in pedestrian and cycling facilities, and the differing design vehicles one may have to account for in design, discussion-based brainstorming kept students engaged and participatory while generating more comprehensive course notes. Many students in the class were regular cyclists and enjoyed relaying their personal experiences and sharing their viewpoints on class topics.
In addition to the materials covered in class through lectures and assignments, an applied course project was developed in coordination with members of the Advisory Committee at PBOT. The students worked in four-person teams to evaluate seven pedestrian or bicycle hybrid signals around Portland. Sites were chosen based on the priority of investigative needs by PBOT -some sites had known operational complexities and others were the source of public requests for improvement. Drawing on knowledge from this class and previous coursework, students collected data at the sites, reviewed video data collected by PBOT, and made observations of user behavior (including motorists) to assess the functionality of the installation and recommend safety and operational improvements. As part of this term project, students were required to prepare and deliver a professional presentation and final report, materials from which were transmitted to PBOT for use in addressing concerns at the sites.
In addition to providing students with opportunities to pursue tangible projects and assignments making use of field data and observations, the course aided PBOT in pursuing improvements at the selected project sites and solicited design suggestions for retrofitting existing roadways designated as future bicycle corridors. The results of these efforts were later picked up by local media, including OTREC "tweets" on Twitter.com, and by local bicycle advocacy groups such as the local BikePortland blog (bikeportland.org). The instructor also registered the course with the PBIC's registry of university-level bicycle and pedestrian courses, and has subsequently been contacted by multiple parties from around the U.S. who are interested in developing similar courses.
FURTHER ACTIVITIES
It is hoped that this report will aid future instructors in developing and delivering engineering-based courses focused on bicycle and pedestrian facility design. The following challenges are anticipated in continued delivery of the course:
(1) Determination of, and preparation of materials related to, an appropriate course project.
Selection of the course project required extensive coordination with the Advisory Committee and PBOT, particularly regarding collection of the video data at the sites. Although development of course notes and administration of lectures can be relatively straightforward once these notes have been assembled, identification of a relevant and timely project and generation of the associated materials may still require substantial additional effort on the instructor's part.
(2) In locations where students have little experience as cyclists or interacting with them in the roadway environment, extra activities may be needed to reinforce particular concepts.
Portland is a rich environment for cyclists and pedestrians, where these road users are given more respect and attention than in other locations. Students in this course were already familiar with well-designed bicycle and pedestrian infrastructure and therefore many concepts could be covered in less detail -for example, making the distinction between bicycle lanes and bicycle boulevards. In other regions, more time may be needed to discuss differences in these facilities, perhaps with relevant visual aids or pictures. Vulnerability, safety and security concepts may require additional reinforcement in classes not composed of regular cyclists. 
APPENDIX -COURSE SYLLABUS

Required Text or Other Materials:
Readings as assigned (see page 6 of this syllabus).
Catalog Course Description
Design and operational concepts in the engineering design of bicycle and pedestrian facilities in on-road and shared path locations. Specific topics include basic geometric design, intersection and signalization considerations, and amenities supporting non-motorized modes.
Course Statement
Bicycling and walking are vital modes in urban transportation systems and address a public health need for physical activity. Design of non-motorized facilities in predominantly auto-oriented US cities requires consideration of numerous factors relating to safety, accessibility, connectivity, and ease of use. Appropriately selected amenities and technologies can further support the inclusion of bicycle and pedestrian facilities in the greater transportation network.
Course Objectives -Students must demonstrate the ability to:
1. Explain key concepts in non-motorized transportation facility design and operations.
Understand issues facing non-motorized
transportation system design. 3. Describe and be able to identify key design features in non-motorized on-road and shared path facilities. 4. Evaluate the design effectiveness of nonmotorized transportation facilities. 5. Discuss how non-motorized modes can be addressed in transportation system design.
Course Evaluation
The course grade will be determined with the following weight for class assignments:
Undergraduate A grade of incomplete "I" is granted by the instructor only with prior approval and consent. Criteria are outlined in the PSU Bulletin.
Expectations of the Student
Professionalism
All assignments and class participation should be conducted in a professional manner. Attention to detail on class assignments and communication is important and is part of the learning experience and is included in part of student evaluation.
Attendance
Attendance is strongly suggested. We will do activities in class that will help in your learning of the material that cannot be duplicated outside of the classroom. If you are going to miss a class, I suggest that you email me before with a reason stating why you will miss class. 10% of your grade is based on class participation, which requires your presence in the classroom. Course notes will be given on the whiteboard and will not be available electronically. For this reason, you are encouraged to attend all class sessions. If you miss a class, plan to obtain the missed course notes from a classmate.
Late Work
Late work is not accepted. The due date for each assignment is clearly indicated and the work must be turned in at the start of class unless indicated otherwise. Exceptions can only be granted in the most extenuating circumstances.
Computer and E-mail Accounts
Electronic mail is a useful way for us to remain in contact and is the best way to reach me. I ask that you include CE410/510 and topic of your message in the subject line (be as specific as possible) when sending me an email. Use proper grammar, spell check, and proof your message. Before you ask a question, please do due diligence and try to find the answer yourself. You may be required to submit some of your assignments electronically.
Ethics and Professionalism
As future professional engineers you should plan to take Engineers shall act in such a manner as to uphold and enhance the honor, integrity, and dignity of the engineering profession.
The PSU Student Conduct Code prohibits all forms of academic cheating, fraud, and dishonesty. Further details can be found in the PSU Bulletin. Allegations of academic dishonesty may be addressed by the instructor, and/or may be referred to the Office of Student Affairs for action. Acts of academic dishonesty, including plagiarism, may result a failing grade on the exam or assignment for which the dishonesty occurred, disciplinary probation, suspension or dismissal from the University. The students and the instructor will work together to establish optimal conditions for honorable academic work. Questions about academic honesty may be directed to the Office of Student Affairs (www.ess.pdx.edu/osa/).
Description of Assignments
Assignments due on class days are due at the beginning of class (hard copy). Only in extenuating circumstances will electronic submittals be allowed.
Class Participation (15% of final grade)
This class will be very interactive. For this reason, it is important that you come to class prepared to be involved and engaged. 15% of your final grade will be based on your classroom engagement.
Homework (20% of final grade)
There will be 4 homework assignments, each worth 5% of your grade. Homework will be assigned during the class session and available on the course website, and will be due as indicated on the timeline (page 3 of this syllabus). Your name, homework assignment number, and date should appear on the header of each page. Please staple multi-page assignments.
Class Project (25% of final grade)
There will be a class project in which you will work in 5-person teams. The grade you receive will be based on the quality of your team's final report and in-class presentation of your findings. 
Library and Literature Research
With the advent of the Internet it is very tempting to think that all necessary resources for a term project will be available in full text after typing in a few words at Google.com. This is not the case. You will often need to go to the library, use real library search tools and access real books and articles contained in refereed/archival journals. Be sure to make use of the Vikat library catalog. Go to the PSU library home page at www.lib.pdx.edu/.
Campus Safety
The University considers student safety paramount. The Campus Public Safety Office is open 24 hours a day to assist with personal safety, crime prevention and security escort services. Call 503-725-4407 for more information. For Campus emergencies call 503-725-4404.
Final Notes
 The syllabus is subject to change at the discretion of the instructor as course or other circumstances require.  Students with documented disabilities are encouraged to discuss with me arrangements that will enhance their learning in this class.  If you find you are falling behind in class, please come discuss your concerns with me before they become critical to your success.  Please feel free to discuss with me problems/concerns with your other classes.
